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1. Pacwmf>poBia ~Byx TepMHHOB 

II pH Bc<:>x ).IOCTOHHC.TBax TeopHH TllroTeHH.ll 8ii:HmTeii:ua. B heii 
uaXOJl..HT ne.u.ocTaTKH. Ca~blll HOBeC.THhiif HeJ\OCTaTOK BH}:VIT B TOM, 

'l'l'O IIJIOTHOCTL OHeprHH B TCOpHR t38:JllllTCiiHa OaBliCE:T OT Bbl6opa 

KOOPAIHia.T. O"reBH.Jl.HO, nTo rrpoTHBope'tf:HT o6~eMy rrpHHUJ!IIY o·r
HOCRTCJihHOCTB, ('.orJJacHO KOTOpOMY OaKOJfhl npHpO,Il,hl HS.AO Hpe)l,

C'l'aBJJ.HTh B Bli.Jl.€) HeOaBliCHMOM OT Bbi60pa KOOpAHH8.T) op;HaXO XO-qy 

cpany CKaGaTh, qTQ He C'l.fHTaJO llOJICOHhiM _AeJIOM BbiC.TynaTb lUI upo

TffB TeOpHH OTHOCH'l'eJibHOCTH, HH npO'I'HB 'l'eopHH TSTOTeHRS. 8i.·
HlllT€'iiHa.. Bonee 'Taro, npHHHMaJI o6e TeopBH ua. ocHony, cTaparocb 
iiOnOJJHIITb !IX H paoBHTb. Be):lb B yKa.naHHOM Bhliiie npoTHBope•HHii 
npoaJmHIOTCll He OJ\HH TOJibKO TeopeTHTfCCKB.e TPY.AHOCTH, no noBH

neH H 60JfbUIOi panHo6oH B T€pMRHOJIOfiHI, UOJIY>:J..HBUJH:iCH B pe

<lYJihTaTe MHOf0'9:HCJieHJ-fhiX ,IJ.HCE:ycc:e:H IIO norrpoca.M TeopHB: OTHQ

cnTeJihHOC.'l'H H TJJTOTCHBJI [1], ""l'I'O roBOpHT, 0 Jle06XOA_HMOCTH CO

t3}\aHH1:l CJieUHaJI.bHOJ'O TOJI~OBOrO ,CJIOBapJI (2]. 
B Npyry sonpocoB TeopHii: OTHOCHTeJibHOCTH n rpaBH'ran,IUI nyTe

BOJ:IHOH 0BE'.0)10H ll.llil MeJIH HBJIJIJIBCh H llllJille'!'c.a reoMeTpiDI Jlofia
'leBCKOl'O. B ~:aqecTBe nyTesop;Hoii ee H Bhi6paJI IIOTCMY) 'ITo H:oy

"lHJI reoMeTp~uo J1o6aqeBCKoro pa.H.brue, 'IeM Tcoprno 0THOCn:TeJLb

HOcTu. ITpn HOyl!eHHB X<:e Teopau OTHOCMTeJibHOCTK oaMB'l'WI, '"I'I'O 

noB-ropR:o npoii):leHHOe. Tal< oHo n 6bmo: Bell.b B npocTpancTse cKo
pocTeii: HOCTynaTh' EB1mHJ1a Bee, KpoMe OJ1Horo, nenpeMeHHO pea.rrH
oyJOTcJ:r. OcT&e'l'CJI TOJihKO - np&.MeHHTeJibHo R rrpocTpaHCTBy c~o
pocTeli --- npHHJITh IDIH ne npHHJITh Clll,e 0}:\HH JIOCTy.Jia.T, a. :riMeHHO 

nocTyJHlT EBxJIHA&. o napaJIJieJihHhlx. ECJIH ero npHHFIMaeM, TO npo
cTpaucTno cKopocTeH cTaHODHTCH rrpocTpaHCTBOM EBKJIH,Il.a, a ue 
HpHHHMaeM ~ npocTpa.HCTBOM Jlofia'IeBCKOrO. fpynnoif rulOMe•rpm"i: 
npocTpR.HCTBa ('.KOpocTeH: EBKJIHA8· HBHJieTCH rpynna ran.WieJi- rpyn
no:H E:o0MeTpHD: npocTpaHCTBa Jio6aqeBcKoro JIBJI.JleTCJI rpynna. Jio
peun;a. B GTOM cyTL rreopnH OTHOCH.TeJihHOCTEX. 

HaAO npHonaT·~>, 'ITO ycTaHOBHJiacb ,n:osoJibJIO nenenas npHBL!TIKa 
uanuBaTh <t>e:onqecJ<yiO TeopniO penliTHBHCTcn:oD: B enyqae Jlope>u~a 
II HepeJIJI'l'HBHCTCKOii B cny-qae raJnmeJI, XOT.S: B 060BX CJIY'qa.JIX M.M 

DMeeM ):leJIO C 'I'OH IDIH ):lpyroif <t>opMOH TeOpHH OTJIOClJ'!'eJlbHOC'I'H. 
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Cne}.\OBaTeJihHO) TepMBHbl ''peJISITHBHCTCKHH'' H "HepeJJJITHBHCTCKHW" 

np:HXOA,BTdl Cl:HITaTb 'IHCTO yCJioBHhlMB. IlooToMy ua.u.o, eCJIH He O'l'

'KOOLIBaTbC.H OT HHX BOBCe, TO XOTH 6bl ,ll_DI'OBOpHThCR, Ka:toi npHA3-

BB.Th BM TOqHlJH CMhtCJI. Tax 6y;u_eM cqHTaTh, q·ro "peJISITHBHCTCKHH" 

03HaqaeTl 'ITO B npOCTpa.HCTBe CKOpOCTeii pea.n:uoyeTCJI reoMeTpHJI 

Jlo6a'JeBCKOf0, a "HepeJISITHBHCTCKHft" OOHa~aeT, 't!TO B llpOCTpaH

CTBe cKopocTei pea.LumyeTCJI reoMeTpHJI EslmH)\a [3]. 

2. KoHCTPYl<TBBHoe onpe~eJieHBe npocTpaHCTBa 

Cl<OpOCTeB 

lloHJ!~Be npocTpa.HcTBa CKOpOC'reft JIBJl.fleTCJI npOBl3BOAHh1M OT 

OCHOBHOrO llOHHTllJI IIpOCTpaHCTBa-BpeMeHH, rrpe}:\CTRBJIJieMOI'O B BH

p;e rna}l.Koro qeThlpexMepHoro MHoroo6panlL!I J.IA . .!lBHJKeHse Mlne

P>Il>JibHOH To'"'" (xoTopyto y}l.o6Hei Haoblsa'l'bOI\eCb 'lacTsn;es) npeA

C'l'aBJIJieTcH rna.A_xoi KpBBOil rrHHHei B M, HOObiBaeMoB MBposoB 

TpaexTop_ueii qacTHIJ;bl. CKopocTbiD 'IacTnn.bi HanMBa.eM up1:1My1o, 

KacaTeJibHYIO ~ M>Iponoi Tpae~TopBB 'lacTBD;hl [4]. IIol\'lep~HeM, 

'ITO B OTJIB"'He OT MBpOBOH Tpaei<TOpBB J<acaTe1IbHaJI II: HeH npH

Maa: pacnOJio)f(eH'a He B Ca.MOM MHoroo6paoua M·,. a B xacaTeJihHOM 

K M npocTpaHc'rBe A. KacaTenbHOe JKe npoc.TpaHCTBO A HBJUieTCJI 

"'fe·rblpexMepHbiM a<fxPHHHhlM npocTp3HCTBOM C D,eHTpOM B TO"'l.Ie Ia

CaHWI, a TO•u:a JracaHHH ( 0600H3'IHM ee -qepeo X) 1IpHH3A,ll€)f{H'r J(3K 

MHoroo6paoHJO M, Ta.I< B npoc.TpaHCTBY A. MHoJKel'.TBO scex npJI

MHX B A, npoXOAJII.lJ,BX qepeo TO'qi:Y x, BBJIJieTca TpexZ~.·t:epHhiM npo

CXTHBHhiM npocTpaHCTBOM P.- ECJIB B HeKoTopoii xapTe MHoroo6-

paoiD1 M TO'"'II:a x oaAaeTcH IoopA_o:HaTaMJ;I z 1) . z 2, z 3, z+, TO 

TO"'J<a npOei<TBBHOro Hpoc.Tpa.HCTBa p oa)laeTCH 0)\HOpO)\HhlMB J<o

Op;tJ;HHaTa.MB dzl, d;c2, dz3, dz 4. Tu soT, npocTpa.HcTBO cxo

pocTeii B TO"'lK€ X JIBJUI€TCH OTKpbiTOi o6nacThlO V B npO€KTHBHOM 

npocTpa.HcTse P. 
B HepeJIJITBBBCTCJ<OM cny'lae o6JJacTb V nOJiy'laeTCJI nyTeM y)la

neHBB HO p O)IHOB npoeXTHBHOB nnocJ<OCTB, XOTOpyto o6ooHa'IHM 

p (10) TRK '"ITO 
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rfJIOC.KOCTh p <X> HW30BCM IJ.t10CKOCTbKJ CKOpOC'l'Cli TaXHOHOB B nepe.JUl

THBHCTCKOM ('_.!1JY:3.€. {fT06bi oa,n;aTh wry riJIOCKOCTh 3HaJI"HTH9eC:KH, 

HY»<Ho BBec.TH H M KoBeK'rop s·peMeHH fJ:J.. IlnoncoCTb P ,'() oa.u.a.eTc.a 

ypR.HliE'-HllPM 

(1) 

fi pH nTOM ·npoerpaHCTBO ('KOpOCTeB OKB13blBaCT<..',JI TpeXMepHhiM a<fr 

4,>HHHhiM npocTpaHCTBOM 1 a 9'I'06bl upeBpaTHTh t•ro B e»KJIHJ1_0BO 

npocTpaHC't'BO, Hano eUl(' uan,a'l'h s M KOMeTpH'9.erxHH Tenoop g.:-b 

HopMaJihHoro napa.6oJIH~Iecxoro THna, cn.aoanHhiii c xoneKTopoM Ba. 
yc:JtOBHeM opToroua;n,HOCTH 

(2) 

B cOOTBeTcTBHH c BhHIJecKa.nanHLIM B nepeJLHTHBHCTCKOM cnyTJae o6-

J13CTh "\j n.aJJ,a.CTCJI HCpaBCHt'.TBOM 

(3) 

B peJUITRBHCTCKOM cnyqa.e o6nac.Tb V orpaHH't{CHa noBcpxHo

CThK> S H'l'oporo nopnAKa. Kax: H B nepeJUITHBHCTCKOM CJiy"t.fae, oTa 

ofulaCTh npoeraa. n OBepXHOC'I'b 5 MO)KUO HaGBa'l'b HODepXHOCThlO 

cse'rOBhiX c.xopoc:reH. Oua JIBJIJieTcJI KOH<{>opMHoH nnocKOCThiO. Bne
IIJHfOtt) IlO OTH01U€'HJ.'1IO K 5 06JJa.CTb HWOBCM npocTpaHCTBOM CKOpo

CTeii TaXHOHOB B peJlJITDBHCTCIWM cny't!ae H o6oona't!HM V ro· TaKHM 

o6panOM1 B pe.rt11THBHCTC.KOM CJiy"lae 

q T06L.f na,Aa'rb rroBcpxuocTh S aJiaJUJTHqecKH, HY~Ho BBecTn B M 
MeTpFPICC.KHH TCHoop 9a.b HOpMaJJbHOrO rHnep6oJIH""'CCKOrO BHAa. flo
BepXUOC.Th S 3a,IJ.aeTCil ypaBHCHH€'M 

(4) 

B oxpecTnocTn TO'IKH x MHoroo6paoHJI M HaH~eTCH Ta.Ka.H "'eTsepxa 
Jli<HCBHhlX 1\H<!><!><'PCHIWaJihHhiX <!>opM 

X= X.d:r", (5) 
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'ITO 

(6) 

_r_ll,e '9'CpCO C o6<x3Ha-qeHa t.'KOpO<:Th CBBTa.: t._'OBlla.Jl,aK>lllaf! C KOHC.'J'aH

TOB, xapaKTepHoH n,n.a rcoMeTpHH )]o6a"<JCBCKOJ'o. Hap.HJ~Y ('. Me:TpH

"leCKHM YAD6Ho naecTH Tf>Hnop HpeME'HB Bah, pam-thiii 

(7) 

Pa.c.CTOJI.HHe s B HJ>OC'rpaHC'fB€' eKopocTeii v- Me~AY TO<J:KaMH (' He

Oll,HOpOfi.HblMH KOOp}l,HHaTa.MB dz"" H /);r':;. onpen,eJJSieTC.H HO HpaBHny 

K"n" 
(R) 

B HenpHMOM MHpe cKopocTeH paccTO.RHHe s HOMep.aeTc.H He B CM 1 

a B cM/eeK H Hacli-.JBaeT<.'.R fiblCTpOTOif. 0THOCHTeJihHa.H CKOpOCTb 'V 

9:acTHil, BCTpeTHBlliHXCH B TQ'qi.C X C 6eoOTHOCHTCJlbHbiMlt CKOpO

CTJIMI:I dza. H bz(\ pasHa 

' tJ = c t.h-
c 

06JJacTb V Oa)laeTCll ycJIOBBeM 

-a o6JiacTh V oo ---·- npoTHBOIIOJIO)({HhiM yCJioaaeM 

(9) 

(10) 

(11) 

M TaE:, p€JIJITHBHCTcxaa TeopHH) Kax Mhi BH}l.eJIB) xapaxTepsoy

cTc.a: MeTpHqecJ:HM TeHoopHhiM noJieM gab, npHBO;I\.illi.U:IMCJI B KalKn:oH 

TO 'IKe x E M K BBJIY ( 6). B HepeJiliTBBHCTCKOB Teopuu TeHaop 

ga,.b iJblpO)K}J.eH) li DOGTOMY o6paTHoro DOJl.H Oa.b B HeB HeT, HO 8CTb 

TeHaop speMeHB 

oab = o.o". (12) 

B ()TJJH'IIie OT (12) TeHoOp BpeMeHB (7) He $an•opuoyeTCll. 
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B cooTBCTCTBHB c rrpei\JIO>KeHHm'i pacllin<PpoBKOH 1\BYX TepMBHOB 

TeopHH 'l'ill'OTeHWI HhiOTOHa HBJI.HeTc.H HepeJUITHBBCTCKoi, a TeopH.Jl 

T.RTOTeHJI.R ~.lH:HmTeiiHa ---- peJI.RTHBHCTciCml. K GTOMY aonpocy Mbl 

Qlll.<"" BE'pH€MC.R.. 

Ecnu e•-urraTb) qTo M HBJI.HeTCH a.<l>rf>HHHbiM rrpocTpaHCTBOM> TO 

na nceM MHoroo6pannn M MOlKHO nOJIOlKBTh 

X= dz', Y = dz 2
, Z = dz 3

, T = dz4
. (13) 

0TCIOAa ner:s:o nOJiy""'aeTcJI K.OHCTpy:s:~:o:R KoTeJlbHHIOBa (5]. 

3. Koop~HHaT:w Bea&Tpa.Miil 11 4-Cll:opocTL 'laCTiii~H 

B o6rra..·.~·n V, rrpe)lcTaBJIJIK>Il.leli rrpocTpaHCTBO c~~:opocTeli Jio-
6a'!eBcKOro H Oal\aBa.eMOH B HCOI\HOpOI\Hb!X KOOpi\HHaTax dz" Hepa

BCHCTBOM ( 10), OTHOilleHHJI 

vl =X 
T' 

2 y 
v = T' (14) 

HaobiBaiOTCH Koopp;HHaTaMH BeJihTpaMH. On:a cosnap;aiOT c KOM

nonewraMH TpexMepnoli c.xopocTH '!acTBfihl. Hx cyMMa KBal\pa•ron 

MeHbllle KBaApaTa CKOpOCTH CBeTa C. 0THOWeHliJI 

{ 
eX 

= ../c2T2 _ xz _ yz _ z2' 
cY 

(15) 'I .jc2Tz _ xz _ y2 _ z2' 

( 
cZ 

= .jc2T2 _ xz _ y2 _ z2' 
cT 

u 
../c2T2 x2 _ yz _ zz 

COCTaBJI.HK>T 4--<:KOpOCTb '!acTHnbi. 8na'!eHHJI KOMTIOH€HT ~ > 1/ Jil ( 

HPPteM He orpaHHl:feHbi. KoMnoHeHTa u He MO)KeT 6biTb MeHhWe eA.B

HHD;hi, 'rax x:a~: 

(16) 
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Ifo llOCllC)IHCH <f>opMyllbl CllC)IYCT, 'ITO npocTpaHCTBO CKOpOCTCH 

Jlo6a'lCBCKOrO MOlKHO npe)ICTaBBTb B BB)IP 0)\HOH TIOllbl runep6ono

H),a B Iaca.TenbHOM npocTpaHcroo A. 
· KoMnonenTbl ~, 71 u ( MOlKHO Bb16paTh B Ka'leCTBe Koop)IHHa.T B 

npoCTpB.HC1')3C CKOpOCTeB. Ifn (8), (15) H (16) <'.llCJIYCT, 'ITO B :nHX 

KOOp)IBHB.TB.X MeTpli'lCCKBR <f>opMa npOCTpaHCTBa. CKOpOCTCB pa.BHa 

(17) 

Ee MOlKHO p8A3cMaTpHBaTb KaK rrepsyiO KBa.)1pB.TH'lHYK> <f>opMy no

sepxnocTB (16) B rrpo.cTpancTBe A, Ta.K KaK 'Jepeo A»<P<PepeHn»aJJ 

<{>yHKnHH (16) ee MOlKHO npe)1CTaBHTb B BH/1€ 

(18) 

B HepeJIHTBBBCTCKOM npe.n.ene c ___,. oo npocTpaHe·rso exopocTeH cTa

HOBBTCH eBKJIBJJ;OBbiM, x:oop,n;HHaTbl BeJib~paMH CTaHOB.fiTC.l1 ne~:ap

TOBhiMH, a E:OMUOHeHTbl 4---cKOpOCTH qacTBUbl CTaHOBHTCH paBHhiMH 

t - 1 
~- v) 2 r ·' 1}=v, ~:,.=v~ u = 1. (19) 

CJieAOBaTeJihHO, npocTpaHCTBo c1mpocTeH Eaxnu,n;a MOJKHO rrpeACTa

BHTh B BHp;e rrnocxocTH B Kac.aTeJihHOM npocTpancTBe A. 

4. CBo6o)IHOe )IBJU&:eHBe "UlCTB~Y·. <l>oHoBrur cBJiaHOCTL 

PaccMoTpeH:Be ypaBHeHHB cB060AHOro ;ll.BH)K€HIUI qacTBll;bi npH

BO,IlRT K IIOHJITHIO <l>oHoBOB. CJ;m:OHOCTH. roaop..H 0 CB060AHOM ABB

)KeHHH, Mbl HMCCM B BRAY 1 'ITO Ha qacTHD;Y HHK,RKHC BHClUHHC CHJlbl 

He }\Ci:CTBYIOT) a Tax· J:ax BHelUHee rpaBBT~BOHHoe n6Jle )l;eiiCTByeT 

Ha BCe TeJia, TO CB060p;HOe JI.BH>KeHHe B013MO)KHO TQnbKO B OTCYT

CTBBC rpa.BBT3D.HOHHOI'O IIOJlH. IlpB HBJIH'qBH )K€ rpaBHTR~HOHHOI'O 

nona ~acTana ne MO>KeT JJ;BHra·rLca cso6o,n,no, no MoJKeT na,n,aTb 

CB060,[I,HO, €CJIH H€T Herpa.BiiTaii,HOHHLIX CHJI • .Il.o CHX nop Ha TOII<>

JIOI'HIO MHoro6paoB.11 M HBK.aiCax orpaH1PieHuil He naKJia_AbiBaJJ.Och, 

no JJ.a.Jihme 6y,u.eM c'l:JBTaTL, "!TO M .sBJUieTCR np.aMhlM npoHo:se.a.e

HHeM TpexMepHOI'O MHOI'Oo6paoH.H Ha OCb BpCMeHif H B KR'lCCTBe 
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~oop),BBaThl z 4 6y)leM neHnMe!lHO Bhi6Hpa~'h BpeMa t. Ha'!HeM c !le
pcJlHTHBHC'l'CKoro CJIY"ia.H. Kosex:rop speMeHH Ba HMeeT CJre,u,yiOU\He 

KOMHOHeHThl: 

01 = 0, 02 = 0, 113 = 0, 04 = 1. (20) 

8 CHJIY YCJIOHRJI (2) C.Jle;~y.tnmHe KOMJIOHe'l'hl KOMf'TpH'IeCKOI'O TeH

nopa g'1.b paBHhl uy;un: 

HOOToMy MOJKHO saet:'TH KOMnoHewrhl hc:xp, YAOBJleTnopHIOllJ;He yc:..Jio
BHJ<:) 

(22) 

U,uecb H }J;a.rihiUe rpeqecKHe HH,li.C.KCbl ITpHHHMaiOT OHaqeHIDI OT 1 .Il,O 

3. Ksam>aTB'!Haa <PopMa · 

(23) 

TIOJIQ)KHTeJibHO onpC.[{CJIC.HHa 11 Ha nOBCpXHOCTH 

t = const (24) 

B M oa11aeT TpexMepuyiO pBMallosy reoMeTpHIO. By11eM C'IBTaTh, 
'ITO KOMllOHeHTbi ha.fJ HC OaBHCJIT OT BpeMeHH t. aTo He IIOMCUJae'l' 

HaM paccMoTpeTh ,u.se TeopHB: Hhi<Yl'OHa B Jio6a'!eBcKoro. TeopHa 
HhiOTOHa xoporno HOBCCTHa, TeopiiJI J1o6a'1eBCioro HOJIOEena B (6]. 
CBo6o)lnoe ABHJKeHHe '!acTH11hl oa)laeTCJI <PYHl<!1Heii JiarpaHJKa, pa-
snoB 

1 2 Lo = -v, 
2 

B HepeJIJITHBHCTCXOM cnyqae, l')l.e 

H paBH08 

2 h •a•fl 
V = 01./3Z Z , 
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B pen.aTHBHCTCKOM eny'lae. BaMe'tfaTCJihHo, 'ITO B o6oax cny'qaJJX 

ypaBHCHH11 JiarpaHJKa ITpHBO)lJITC.II K 0)\HHM H TCM JKe ypaBH<'HIUIM 

fCOJl.CGR9eCKHX B l\t[, a HM€HHO: 

<Pz' 
--=I) dt 2 ~, 

\ 28) 

rn.e C'\} · · exo6KH KpBcTo<f><Pt>JJ.II TCHnopa h~" [7}. B )lB.HHOM t'Jiy-

(29) 

YpaBHCHHJI reo.l1eouqecxux (28) nanaK>'l' Ha MHOJ'oo6p>WHII l\1 a<!>
ipHHHy~o cim:nHoCTL f"' 6cn. ~:py"CJeHWJ. B paccMaTpuBaeMoH KapTe ee 

I:OMJlOH('HTbl paBHbl 

t~, = 0, 
~ ; rmn = 0. ( 30) 

~)Ty CB.HOHOCTh Mhi Bbi6Hpa.eM B Ka"leCTBe q.oHOBOii. Ilo;:J,''IepKHeM, 

'l:fTO oHa He oaBHCBT OT cxopocTB nreTa c. BaMeTBM: ""ITO Bhl6op 

<f>YHKQHH JiarpB.HlK8. (27) COOTBeTCTBY<'T oa)laHBIO Ha MHOroo6pa~ 

onu M MeTpn.:u 

(31) 

0 HC06X0/1HMOCTH BBC/1CHHJI <f>OHOBOH CBJlGHOC.TH CM. [8]-[9]. 
(J K8..1t(Ilpfi CBJIOHOC'I'blO f Mhl conpHraeM T~HOOp IpHBBOHhl 

(32) 

H CBCpHyThiH TCHGOp KpHBHOHhl 

(33) 

B cooTBf'TCTCTBHH c (30) npocTpaHCTBf'HHble KOMllOHCHThi TeHoopa 

<f>OHOBOi.i s:pHBHOHbl paBHbl 

(34) 
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a ocTaJihHhie ero KOMflOHCHThi pa.BHbl HYJIK>. Tenoop. {~~p} nocTpoeH 
Btl CBR£3HOCTII {~ ~"} TaK JKe, KIIK TeHGOp (32) 11£3 CBJI£3HOCTH r. Csep
HYThHi 'reu:oop <f>oHosoH t::pHBHOHhi CHMMe·rpH'IeH: 

Bo speMeHa HbK>TOHa neesKJIH}l.OBbi reoMeTpHH 6biJIH HeBGBe
CTHbi. HooToMy 11 TeopHH TBroTeHHJI HbK>Tona q,opMa (23) oa}l.aeT 
reoMeTpHro EsKni!):(a u, cneAoBaTen.hHO, upu:so~n:Tc.a: K cyMMe J:Ba-
1\PBToB. B Tt'OPHH TBroTeHHJI Jio6a'li>BCKoro tpopMa (23) npBBo
)\BTCJI K Blli\Y 

(36) 

CooTBeTCTBeHHo, OJieMeHT ofi'heMa paaeH 

B oTHX TeOpHJIX MHoro6paane M npocToe. B tpopMyne (36) k -
KoHcTH:-HTa Jio6al:feBCKoro. B OTJIH'IBe oT c~:opocTH cseTa ct Bxo
}l.JIIll,eii B IIHaJIOrB'IHYIO tpopMyny (17), OHII IIOMepBeTCJI II €)l.HHIID;IIX 
.QJIHHbl. 

B tponosoil csBoHOCTBBHtpOpMai(IIJI o tpoBosoi< MeTp•u:e a cny<J:ae 
HbiOTOHa He. qeoaeT, 1160 11 oTOM cnyqae 

{~~p} = 0, => il,,::,;, = 0. (37) 

B cny'lae JKe Jio6aqeacxoro BHtpopMai(HJI o tponosoi< MeTpnxe 11 tpo
HoaoB: CBHOHOCTH "lacTIPIHO COXpaHHeTCJI, llOCI:OJILIY B aTOM CJiy""lae 

(38) 

CooTBeTCTBeHHO caepnyTio~H Tenoop KpBBBOHbl tpOHOBOH CBJIGHOCTII 
B CJIY"~Re Jlo6a"leBcxqro Oa;llaeTCJI I.OMHOHeHTa.MH 

~ -2 ¥ ¥ ¥ R,., .= -2k h~v> R.. = 0, R~· = 0,. R.v = 0. (39) 
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5. HepeJIJI!TBBBtTcxoe CB060):\HOe na):\eHBe 'laCTBnR. 

I'paBBTanBOHHI.lB noTeHnBan 

CornacHo H.bJO'l'OHY rpaBHTaii.HOHHOe nOJJe B Hepe.rBlTHBHCTCKOM 

CJiyqae OflHCbiBaeTCJI llOTeHUHaJIOM lf) He BJIH1110tnBM HH Ha KOB€1:

TOp o., HH na TeHoop h""- Cso6o)IHoe na)lenae 'l.acTHI\hl oa)laeTCJI 

<f>yHKI\Heii JlarpaHJKa 

( 40) 

B aTOM CJiy"qae ypaBHeH~.H .JiarpaH)f(a npRBOAHTC.H x c.ne,nytom.BM ypa

BHeHltJ(M reo.neoH'Cf.ecKux B M: 

,p.,a dz" dz" d:t4 dz4 

-+{a }--+Ua---0 
dt2 " v dt dt dt dt - , 

,[2 .,. 

dt> = 0, (41'1 

(42) 

YpasHeHHJI ( 41) oa)laiOT Ha MHoroo6paoaa M a.p<f>HHHYIO cBHOHOCTh 

f 6eo Kpy'l.eHH>I, KOMIIOHCHThl ItOTOpOH B paccMaTpHBaeMOJ:J ItapTe 

paBHbl 

B OTJIH"'He oT <f>oHoson CBHOHOCTH (:JO), cBHGHOCTh (43) 6yAeM na

GhiBaTh noneoon. TeHGOp a.p<f>HHHOH )leipopMaiiHB paseH 

B coOTBeTCTBHH c (43) TeHoop noneaoii: ~pHaHOHh! HMee'I' cJieAy

IOU1,He XOMROHeHTbi: 

(45) 

Kait BH)IHO, KOMTIOHeHThl. R,.{, cocTallll>IIOT J<OBapaaHTHYIO nponm!0-

1\HYIO OT BeiTOpa [Ja B T!pOCTpaHCTBe C MeTpBKOH (23). 
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CsepH}"rMii Teuaop nmieHoii KpHBHOHhi eHMMeTpHqeH: · 

( 47) 
1'0 ecTh Ll. -- onepaTop Jlarmaca B npocTpaHCTfl<' c MeTpHKOH (23), 
a Ll.U -- wropoii )1H¢q>epemrHaJfhHhiH napaMeTp BeJJhTpaMn. 

Bbi'<HT!lJI (35) HO (46), HBXOJIHM 

Cne.u,oBaT<'.JJhHo. ypa.BHC'HH€' 31arwa.ra 

Ll.U = 0 

B npocTpaHCTBe C Me·rprn:oU ( 23) HI:BHBaJieJ-iTHO ypaBHCHHIO 

Tax xaK B Hepe .. H.BTHBHCTCKOM cJiy""Iae TeHoop Macc:w paBeH 

f.IJ,€ p ---- fiJIOTHOCTb MOCCbl
1 TO ypaBH€HHe fiyaccona 

Ll.U = 41r'YP 

B npoCTpaHCTBe C MeTpltKOH (23) 13~BBBaJJeH'l'HO ypaBHeHH.-> 

R.n- k.nn = 4n:!Mmn· 

( 48) 

( 49) 

(50) 

(51) 

(52) 

(53) 

0AeCh B .Il,BJihllle ! -~ rpanu·ran,BOHH8JI KOHCTRHTa llhK>TOHa. B •re-
opBH TJJXOT€HRH Hbio'roHa1 eCJIH cf>opMa (23) npHBeJJ;eHa K cyMMe 
KBBllpaTOB 

Ll.U = 47qm8( z )8(y )8( z) (54) 
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H cTpeMJilll,HiicH K HYJIIO Ha 6ecKoHeqHoCTH, paBeH, KaK HGBeCTHo) 

U =- -ym, 
r 

!,55) 

(56) 

B TeopHH TJirOTeHHJI Jlo6a'!eBc~oro, ecJIH ¢opMa (23) npHBC):ICHa 

K ""IIY ( 36), rpaBHTanHOHHblH noTeHnnan, YJ\OBJl<>TBopJI•HnHii ypa

BHCHBK) (54) H crpeMJIU.IBiiC.JI K HYJlK) Ha 6ecxone~HIOCTH~ paBeH 

u = -ym(l - cthE.) 
k k' 

(57) 

npH'IeM 
(58) 

fi\C p -- pacCTOJIHHC !10 l\CH'l'pa, T paBHJieTCJI (56), 

B npocTpancTBe Jlo6aqesaoro ITJIOil\a)\b c¢epbi pa):IHyca p pa

BHa 47rr2) a cn:na, c x:oTopoH To~eqHaH Macca rn npHTHfiiBaeT npo~ 

HYK> "!acTHny, y~a.JieHHYIO ua paccTOHBBe p, paBHa Macce npe6HoR 

-qacTHD,hl~ YMHO)f{eliHOH na npoHOBO.U.HYIO 

dU _, 
dp = -ymr -, 59) \ . 

Cnep;oBaTeJihH01 CWia npHTH)l(eHRH o6paTHO rrponopiJ,BOHaJlhHa nno

U\aAn c¢epbL Ha OTY oasBcnMoCTb o6paTHn BHHMaHHe Jlo6aqeBeKHii 

[1 0, c. 159], 3aKoHw Kennepa B npocTpanc.TBe Jlo6a'!CBCKoro pac

CMOTpeHbi B [6] H [11], 

6. PeJLliTBBBCTcrwe CBo6o)\Hoe naj\eHBe 'laCTBIU>~. 

IIoneBaz MeTI>BJ:a 

B HepeJI.a:THBHCTCKOM cnyqae rpa.BH'l'a.JJ;HOHHoe none ue BJIB.fieT 

HH na ¢onosy10 csJinnocTb, liB na MeTpnKy B M. B pemiTHBBCT

CKOM cny~Iae rpaBHTaD;HOHHOe none Ha <f>oi-IOByto CBJlOHOCTh TO)l{e He 

BJIH.ife·r, HO Ha MeTpHKY B M BJJBJW'l\ npH~eM HRCTOJlhKO CHJihHO) 
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'iTO MeTpHxa ( 6) OTOJK)1CCTBJllleTCJI c nooeBoii MeTpHxoii. IIOJieBa.a 
CB.HOHOCTh B pe.'l.HTBBBCTCKOM c.z1y~ae paBHa cxo6KaM KpHcTO<f><PeJ:Ul 

r~n = ~g"(Bmum+ Bnu,m- 8,gmn) (60) 

noneaoro TeHoopa 9a.b· B o6JiacTH, r}l.e Tenoop MaCchi paseH HyJIIO, 
ITOJieBa.a <'BllOHOCTh IT0)1"£11HlleTca ypaBHeHHllM (50). B CJI,Y"'ae R.nn = 
0 0)\HHM 110 peUICHIIB ypaBH€HIIH (50), TO CCTh B ,[la.HHOM CJiyqa.e 
ypaBHCHHil 8i1HtllTeiiua. 

Rmn = 0, (61) 
JIBJIJieTc . .a: Hepe . .JUITHBHCTCKa.a: ITOJICBaH CBJIOHOC'"!'b (43) C llOTCHUHa
JIOM (55). )~pyrHM peiiJeHHeM DTIIX ypaBHeHnii .IIBJllleTca peJWTB
BIICTcxaa ITOJieBaR CB.qoHOCTh (60) C ITOJICBOH MeTpH!COH ffiBapJiiiJHIIb
)\a. B CJiy'!ae (39) O,[IHHM 110 peweHnB ypaBneHBH (50), TO ecTh a 
JlaHHOM CJI,Y'Jae ypa.BHeHHH 

HBJJJICTCJI Hepe..JI.HTHBHCTCK8JI JIOJieBaJI CBHOHOCTb ( 43) C HOTeH~Ha
OlOM (57). npyrHM pelliCHIICM OTHX ypaBHCHIIH JIBJIJieTCJI (eM. [9]) 
pei!HTHBIICTCKB.II ITOJieBaR CBHOHOCTh ( 60) C noneBOB MCTpHXOH 

r,u.e 
dfl" = dfP + sin2 1Jd<f?, 

sh(~ --a), p ~sh2a = /ffi. sh(~ +a) ~ = k' 2 kc2 
Koop_n:HHRThi z, y, z, B I:OTOphiX MeTpa.:a rrpocTpaHCTBa Jlo6a.: 

<JeBci<oro oanucaHa B BH)Ie (36), cBHoaaiJ co c<f>epH'IecXHMH >:oop)\H
HaTaMH p, IJ, <p CJIC)I,YIOIL\IIM o6paooM: 

"' = k sbfsinOcos<p, 

y = k sh ~sinilsin<p, (64) 
p 

z = kshkcosil. 
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B npC)\eJie k _. oo an (63) IIOJiy<JaCTCJl MeTpmm iliBapQlllilllb)l.a 

(cpooy B rapMOHR<JecKnx Koopi\RHaTax). B npeJl.ene c ~ oo nn (63) 

rrOJiy'CfaeTc.o: rroTeHII,HaJI t57), a a JI.BOiiHoM npeA,e.lle (k---+ oo) r ~ 

oo) - noTCH!IBM (56). B np<')l.eJie.., -+ 0 "" 163) HOI1Y'Ja<:'TcJI Me

Tpnxa 

npocTp8.HC'l'BeHH8.H ~a.c'l'b KOTOpoii: ffBJJiiE'TCR MeTpHKoif. npOeTpaH

CTBa J1o6a."qeBC-KO.rO B ccpepH'ICC.KHX KOOpUHHa.Tax. 
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